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Abstract 
Problem 

To improve removal of a gaseous body so as to prevent creation of a void, and to improve 
the uniformity of a plated layer by equalizing the current density and the flow of an electrolytic 
solution over the entire sur&ce to be treated. 

Means to solve 

It is equipped with substrate retention mechanism 1 for holding substrate W with 
treatment surface Ws facing upward, plate-like member 1 5 having almost the same diameter as 
that of substrate W and provided close to treatment surface Ws so as to constitute an electrode, 
feeder port 15a for supplying an electrolytic solution to fill between treatment surface Ws and 
plate-like member 15, and power feeding brushes 13 and 31 supplying power to plate-like 
member 1 5 and substrate retention mechanism 1 while the electrolytic solution is supplied to 
treatment surface Ws of substrate W. Because [the treatment surface of the substrate] is facing 
upward, bubbles can be removed easily; and fluctuation in the current density can be restrained 
by plate-like member 1 5 having almost the same diameter as that of treatment surface Ws and 
provided on the opposite side at close proximity. 
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Key: a drain 

29 ultrasonic vibration power sitpply 
55 controller part 

59 replenishment solution supply source 
67 cleaning solution supply source 

Claims 

1 , A substrate plating device characterized in that it is a substrate plating device for 
plating a substrate, which is equipped with 

a substrate retainer means that holds a substrate with the treatment surface of the substrate 
facing upward while electricaliy connected to the treatment surface of the substrate, 

a plate-like member having almost the same diameter as that of the substrate and 
provided opposite the treatment surface of the substrate held by the aforementioned substrate 
retainer means at a close proximity so as to constitute an electrode, 

a feeder means for supplying an electrolytic solution to fill between the treatment sur&ce 
of the substrate held by the aforementioned substrate retainer means and the aforementioned 
plate-like member, and 

a power supply means for supplying power while the electrolytic solution is supplied 
between the treatment surface of the substrate and the aforementioned plate-like member by the 
aforementioned feeder means in such a manner that cxirrent flows from the aforementioned 
plate-like member toward the aforementioned substmte retainer means. 
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2- A substrate plating device characterized in that in the substrate plating device described 
under Claim 1, 

the aforementioned plate-like member has a feeder port roughly at the center so as to 
supply the electrolytic solution between the treatment surface of the substrate and the plate-like 
member. 

3. A substrate plating device characterized in that in the substrate plating device described 
under Claim 1 or 2, 

a driving means for rotating at least the aforementioned substrate retainer means or the 
aforementioned plate>like member is further provided. 

4. A substrate plating device characterized in that in the substrate plating device described 
under Claim 3, 

the aforementioned driving means is configured to rotate the aforementioned substrate 
retainer means only. 

5. A substrate plating device characterized in that in the substrate plating device described 
imder Claim 3, 

the aforementioned driving means is configured to rotate the aforementioned plate^like 
member only. 

6. A substrate plating device characterized in that in the substrate plating device described 
under Claim 3, 

the aforementioned driving means is configured to rotate tiie aforementioned substrate 
retainer means and the aforementioned plate-like member, 

7. A substrate plating device characterized in that in the substrate plating device described 
under one of Claims 1 through 6, 

the aforementioned plate-like member is formed to have a diameter slightly smaller than 
the diameter of the treatment surface of the substrate. 

8. A substrate plating device characterized in that in the substrate plating device described 
under one of Claims 1 through 7, 

an ultrasonic vibration transfer means for transferring ultrasonic vibrations to the 
electrolytic solution supplied between tiie treatment surface of the substrate and the 
aforementioned plate-like member is flirther provided- 

9. A substrate plating device characterized in that in the substrate plating device described 
under Claim 8, 

the aforementioned ultrasonic vibration transfer means is provided at the aforementioned 
feeder means and is configured to transfer ultrasonic vibrations to the circulating electrolytic 
solution. 
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10. A substrate plating device characterized in that in the substrate plating device 
described under Clahn 8^ 

the aforementioned ultrasonic vibration transfer means is provided at the aforementioned 
feeder means and is configured to transfer ultrasonic vibrations to the aforementioned plate-like 
member. 

1 1. A substrate plating device characterized in that in the substrate plating device 
described under one of Claims 1 through 10, 

the aforementioned feeder means is connected also to a cleaning solution supply source, 
and it is configured to supply the cleaning solution or the electrolj^c solution selectively 
between the treatment surface of the substrate held by the aforementioned substrate retainer 
means and the aforementioned plate-like member. 

12. A substrate plating device characterized in that in the substrate plating device 
described under one of Claims 1 through 1 1, 

a recovery member provided aroxmd the aforementioned substrate retainer means so as to 
recover the electrolytic solution scattered by the rotation of the substrate and 

a circulation path for sending the electrolytic solution recovered by the aforementioned 
recovery member back to the aforementioned feeder means are further provided. 

13. A substrate plating device characterized in tiiat in the substrate plating device 
described under Claim 12, 

a concentration measurement means for measuring the concentration of the electrolytic 
solution distributed in the aforementioned circulation path, 

an electrolytic solution reservoir tank provided on the aforementioned circulation path so 
as to store the electrolytic solution, and 

a controller means for controlling the replenishment of the electrolytic solution so as to 
keep the concentration constant based on the result of the measurement by the aforementioned 
concentration measurement means are further provided. 

14. A substrate plating device characterized in that the substrate platii^ device described 
under Claim 13 

is configured such that the replenishment of the electrolytic solution to be carried out 
based on the result from the aforementioned concentration measurement means is carried out 
with respect to the aforementioned electrolytic solution reservoir tank. 

15. A substrate plating device characterized in that the substrate plating device described 
imder Claim 13 

is configured such that the replenishment of the electrolytic solution to be carried out 
based on the result from the aforementioned concentration measurement means is carried out 
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with respect to the aforementioned circulation path at a position downstream from the 
aforementioned electrolytic solution reservoir tank. 

Detailed explanation of the invention 
[0001] 

Technical field of the invention 

Hie present invention pertains to a substrate plating device for plating a semiconductor 
wafer and a glass substrate (will be simply referred to as substrate, hereinafter) used for a liquid 
crystal display device. In particular, it pertains to a technique in which power is supplied for 
electrolytic plating while an electrolytic solution of copper sulfate is supplied to the treatment 
surface of the substrate. 

[0002] 
Prior art 

As a conventional substrate plating device of this type, a device of the kind shown in 
Figure 7 may be mentioned. In the explanation given below, a device for plating copper for 
wiring using a copper sul&te electric solution will be exemplified. 

[0003] 

Substrate W is held at opening part 101 created on treatment tank 100 holding electrolytic 
solution LQ while treatment surface Ws sits facing dovmward (so-called fece down). Upper 
electrode 103 for supplying power to treatment surface Ws of substrate W held face down is 
provided at opening part 101. Circulation path 107 is connected to the top and the bottom parts 
of treatment tank 100 via circulation pump 105» Jet nozzle 109 for spurting electrols^c solution 
LQ, which is distributed from the top part through circulation path 107, toward treatment surface 
Ws of substrate W is provided at the bottom part of treatment tank 1 00. In addition, lower 
electrode 1 1 1 is provided at the bottom part of treatment tank 100, and power is supplied by 
power supply unit 1 13 in such a manner that upper electrode 103 acts as a cathode and lower 
electrode 1 1 1 as an anode. 

[0004] 

In the device configured in said manner, "winle power supply unit 1 13 is supplying upper 
and lower electrodes 103 and 111, circulation pump 105 is activated so as to force electrolytic 
solution LQ through jet nozzle 109 and supply electrolytic solution LQ to treatment surface Ws 
of substrate W. Electrolytic solution LQ travels upward from the bottom part of treatment tank 
100, the electrolytic solution siqpplied to treatment surface Ws of substrate W is discharged from 
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the top part, and it is fed back into treatment tank 100 through circulation path 107. A copper 
plated layer is formed on treatment surface Ws of substrate W in contact with electrolytic 
solution LQ during said process. 

[0005] 

Problems to be solved by the invention 

Elements (for example^ an MPU and a memory) formed on substrate W are designed to 
offer &ister operatii^ speed and more functions each year, and deep trenches (a trench structure) 
are often formed on said treatment surface Ws. Such trenches are anticipated to be roughly 1 ^m 
deep and 0.2 \im wide with an aspect ratio of "5" or so. 

[0006] 

When the aforementioned device is used to qsply plating to substrate W, on which 
trenches with such a high aspect ratio are formed, it is extremely difficult to remove [pockets of] 
air present in the trenches because substrate W is held face down. In addition, a gaseous body 
(oxygen) generated through electrolysis is also hard to remove. Therefore, as shown in Figure 
8(a)^ the inside of trench T ends up being blocked ofTby a bubble, and electrolytic solution LQ 
cannot be sufficiently supplied into trench T. As a result, as shown in Figure 8(b), plated layer PL 
cannot be formed inside trench T, resulting in a problem of void V (will be referred to as void, 
hereinafter). Once such void V is created, a sufficient cross sectional area for the current which 
flows in the wiring cannot be obtained, or an ohmic contact cannot be obtained at a contact hole. 

[0007] 

In addition, as shown in Figure 9, the distance between treatment surface Ws of substrate 
W and lower electrode 1 1 1 is at a minimum between lower electrode 1 1 1 and treatment surface 
Ws placed inunediately above it, and it is longer at the other parts (paths indicated by arrows in 
the figure). Therefore, the current density is high from lower electrode 11 1 to treatment sur&ce 
Ws placed immediately above it, and the current density is lower at the other parts, so the current 
density is likely to fluctuate over treatment surface Ws. As a result, another problem that the 
plated layer cannot be formed evenly over the entire treatment surface Ws is created. 

[0008] 

Here, as a cause of an uneven plated layer on treatment surface Ws other than the 
aforementioned current density, an imeven flow of electrolytic solution LQ discharged by jet 
nozzle 109 may be mentioned. 



PACE 1207 * RCVD AT 12/29/2005 5:50:53 PM [Eastern Standard Time] • SVR:USPTO-EFXRF-6/31 * DNIS:2738300 * CSID:71 36234846 • DURATION (mm-ss): 11-54 



12/29/2005 16:53 FAX 7136234846 



PATTERSON&SHERIDAN -» USPTO 



81013/037 



8 

[0009] 

The present iayention was achieved in light of siich situation, and its objective is to 
present a substrate plating device in which removal of a gaseous body is improved so as to 
prevent creation of a void, and in which the current density and the flow of an electrolytic 
solution are equalized over the entire surface to be treated so as to improve the uniformity of a 
plated layer. 

[0010] 

Means to solve the problems 

In order to achieve said goal, the present invention has the following configuration. That 
is, the invention described under Claim 1 is characterized in that it is a substrate plating device 
for plating a substrate, which is equipped with a substrate retainer means holding a substrate with 
the treatment surface of the substrate facing upward while electrically connected to the treatment 
surfece of the substrate, a plate-like member having almost the same diameter as that of the 
substrate and provided opposite the treatment surface of the substrate held by the aforementioned 
substrate retainer means at a close proximity so as to constitute an electrode, a feeder means for 
supplying an electrolytic solution to fill between the treatment surface of the substrate held by the 
aforementioned substrate retainer means and the aforementioned plate-like member, and a power 
supply means for supplying power while the electrolytic solution is supplied between the 
treatment surface of the substrate and the aforementioned plate-like member by the 
aforementioned feeder means in such a manner that a current flows fix>m the aforementioned 
plate-like member toward the aforementioned substrate retainer means. 

[0011] 

In addition, the invention described imder Claim 2 is characterized in that in the substrate 
plating device described under Claim 1 , the aforementioned plate-like member has a feeder port 
roughly at the center so as to supply the electrolytic solution between the treatment surface of the 
substrate and the plate-like member. 

[0012] 

In addition, the invention described under Claim 3 is characterized in that in the substrate 
plating device described under Claim 1 or 2, a driving means for rotating at least the 
aforementioned substrate retainer means or the aforementioned plate-like member is further 
provided. 
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[0013] 

In addition, the invention described under Claim 4 is characterized in that in the substrate 
plating device described under Claim 3, the aforementioned driving means is configured to rotate 
tlie aforementioned substrate retainer means only. 

[0014] 

In addition, the invention described under Claim 5 is characterized in that in the substrate 
plating device described under Claim 3» the aforementioned driving means is configured to rotate 
the aforementioned plate-like member only. 

[0015] 

In addition, the invention described under Claim 6 is characterized in that in the substrate 
plating device described under Claim 3, the aforementioned driving means is configured to rotate 
the aforementioned substrate retainer means and the aforementioned plate-like member. 

[0016] 

In addition^ the invention described under Claim 7 is characterized in that in the substrate 
plating device described under one of Claims 1 through 6, the aforementioned plate-like member 
is formed to have a diameter slightly smaller than the diameter of the treatment surface of the 
substrate. 

[0017] 

In addition, the invention described under Claim 8 is characterized in that in the substrate 
plating device described under one of Claims 1 through 7, an ultrasonic vibration transfer means 
for transferring ultrasonic vibrations to the electrolytic solution supplied between the treatment 
sur&ce of the substrate and the aforementioned plate-like member is fiirther provided 

[0018] 

In addition^ the invention described under Claim 9 is characterized in that in the substrate 
plating device described under Claim 8, the aforementioned ultrasonic vibration transfer means is 
provided at the aforementioned feeder means and is configured to transfer ultrasonic vibrations to 
the circulating electrolytic solution. 

[0019] 

In addition, the invention described under Claim 1 0 is characterized in that in the 
substrate plating device described under Claim 8, the aforementioned ultrasonic vibration 
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transfer means is provided at the aforementioned feeder means and is configured to transfer 
ultrasonic vibrations to the aforementioned plate-like member. 

[0020] 

In addition, the invention described xmder Claim 11 is characterized in that in the 
substrate plating device described under one of Claims 1 through 10, the aforementioned feeder 
means is coimected also to a cleaning solution supply source, and it is configured to supply the 
cleaning solution or the electrolytic solution selectively between the treatment surface of the 
substrate held by the aforementioned substrate retainer means and the aforementioned plate-like 
member. 

[0021] 

In addition, the invention described under Claim 12 is characterized in that in the 
substrate platmg device described under one of Claims 1 through 1 1 , a recovery member 
provided around the aforementioned substrate retainer means so as to recover the electrolytic 
solution scattered by the rotation of the substrate and a circulation path for sending the 
electrolytic solution recovered by the aforementioned recovery member back to the 
aforementioned feeder means are further provided. 

[0022] 

In addition, the invention described imder Claim 13 is characterized in that in the 
substrate plating device described under Claim 12, a concentration measurement means for 
measuring the concentration of the electrolytic solution distributed in the aforementioned 
circulation path, an electrolytic solution reservoir tank provided on the aforementioned 
circulation path so as to store the electrolytic solution, and a controller means for controlling the 
replenishment of the electrolytic solution so as to keep the concentration constant based on the 
result of the measurement by tiie aforementioned concentration measurement means are further 
provided. 

[0023] 

In addition, the invention described under Claim 14 is characterized in that the substrate 
plating device described under Claim 13, is configured such that the replenishment of the 
electrolytic solution to be carried out based on the result from the aforementioned concentration 
measurement means is carried out with respect to the aforementioned electrolytic solution 
reservoir tank. 
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[0024] 

In addition, the invention described under Claim 1 5 is characteristic in that the substrate 
plating device described under Claim 13, is configured such that the replenishment of the 
electrolytic solution to be carried out based on the result from the aforementioned concentration 
measurement means is carried out with respect to the aforementioned circulation path at a 
position downstream from the aforementioned electrolytic solution reservoir tank, 

[0025] 
Operation 

The operation of the invention described imder Claim 1 is as follows. The substrate is 
held by the substrate retainer means, the plate-like member that is almost the same size as the 
substrate is provided at a position facing the treatment surface at close proximity, and the 
electrolytic solution is supplied from the feeder means so as to fill between the treatment surface 
of the substrate and the plate-like member. Power is supplied to the plate-like member and the 
substrate retainer means by the power supply means. Because the substrate is held with the 
treatment surface facing upward, even when trenches are fomied on the treatment surface, 
bubbles present in the trenches can be removed easily^ and a gaseous body generated through 
electrolysis is also removed upward naturally, so that gas is less likely to stay not only in the 
trenches but also on the treatment surface. In addition, because the plate-like member, which is 
almost the same size as the substrate and is provided at a position &cii^ the treatment sur&ce at 
close proximity, serves as an electrode, the distance between the electrode and the treatment 
sur&ce can be almost equalized over the [treatment] surface. 

[0026] 

In addition, according to the invention described under Claim 2, because the electrolj^c 
solution is supplied from a feeder port created roughly at the center of the plate-like member, the 
electrolytic solution can flow smoothly from the center toward the peripheral part. 

[0027] 

In addition, according to the invention described under Claim 3, because at least the 
substrate retainer means or the aforementioned plate-like member is rotated, even if the current 
density over the treatment surface fluctuates, its influence can be reduced, and the electrolytic 
solution can flow smoothly from the center toward the periphery by means of the centrifugal 
force. 
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[0028] 

In addition, according to the invention described under Claim 4, even if only the substrate 
retainer means is rotated by the driving means, the influence of fluctuation in the current density 
over the treatment surface can be restrained, and the electrolytic solution can flow smoothly from 
the center toward the peripheral part by means of the centrifugal force. 

[0029] 

In addition^ according to tiie invention described under Claim 5, even if only the 
plate-like member is rotated by the driving means, the influence of fluctuation in the current 
density over the treatment sur&ce can be restrained, and the electrolytic solution can flow 
smoothly from the center toward the peripheral part by means of the centrifugal force. 

[0030] 

In addition, according to the invention described imder Claim 6, if the substrate retainer 
means and the plate-like member are both rotated by the driving means, the electrolytic solution 
can flow smoothly from the center toward the peripheral part by means of the centrifugal force. 
Here, [the phrase] "both rotated" includes [rotation in] the same direction and in the opposite 
direction. 

[0031] 

In addition, the operation of the invention described under Claim 7 is as follows. Because 
the substrate retainer means holds the periphery of the substrate by latching or sandwiching it, the 
current supplied to the substrate retainer means by the power supply means is more likely to flow 
into the path created by the surfaces where the peripheral side of the treatment surface and the 
plate-like member face each other than into the path created by the surfaces where the center part 
of the treatment surface and die plate-like member face each other. Therefore, the density of the 
current becomes greater at the peripheral part of the treatment surface to cause a current density 
fluctuation, whereby the plated layer is likely to be formed thicker on the peripheral part of the 
treatment surfece (This phenomenon will be referred to as 'edge effect,* hereinafter). However, if 
the diameter of the plate-like member is made slightly smaller than the diameter of the treatment 
surface so that the distance from the peripheral part of the treatment surface is longer than that 
from the center part, the current density can be reduced to balance out the current density at the 
peripheral part and the center part in order to restrain the 'edge effect.' 
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[0032] 

In addition, according to the invention described under Claim 8, bubbles adhered to the 
treatment surface of the substrate and a gaseous body generated through electrolysis can be 
removed easily firom the treatment surface using ultrasonic vibrations transferred to the 
electrolytic solution. 

[0033] 

In addition, for the method for transferring the ultrasonic vibrations^ an ultrasonic 
vibration transfer means may be attached to the feeder means so as to transfer ultrasonic 
vibrations to the electrolytic solution (Claim 9), or ultrasonic vibrations may be transferred to the 
plate-like member (Claim 10). 

[0034] 

In addition, according to the invention described under Claim 1 1, after the electrolytic 
solution is supplied from the feeder means for the plating treatment, a cleaning solution can be 
supplied from the feeder means for a cleaning treatment, so that an essential post-plating 
treatment can be carried out continuously without moving the substrate. 

[0035] 

In addition, according to the invention described under Claim 12, because scattered 
electrolytic solution is recovered by a recovery member and is sent back to the feeder means 
through the circulation path, the utilization efficiency of the electrolytic solution can be 
improved. 

[0036] 

In addition^ according to the invention described imder Claim 13, [the problem is solved 
in that] when the electrolytic solution is supplied to the circulation path from the electrolytic 
solution reservoir tank in order to apply plating to many substrates while circulating the 
electrolytic solution, the concentration of the electrolj^c solution drops, resulting in the problem 
that a longer time is required to obtain the same plating thickness, or that the plating thickness is 
decreased when plating is applied for a given amoimt of time. Thus, the controller means controls 
the replenishment of the electrolytic solution to keep the concratration constant based on the 
result of measurement by the concentration measurement means, so that fluctuation in the 
concentration can be restrained, and the aforementioned problem can be avoided. 
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[0037] 

The aforementioned replenishment of the electrolytic solution may be carried out with 
respect to the electrolytic solution reservoir tank (Claim 14), or it may be carried out at a position 
on the circulation path downstream from the electrolytic solution reservoir tank (Clahn 1 5). In 
particular, when the replenishment is carried out downstream from the electrolytic solution 
reservoir tank, in the event of fluctuation in the concentration, restoration can be rapid. 

[0038] 

Application examples 

Application examples of the present invention will be explained below with reference to 

figures. 

Application Example 1 

Figure 1 is a block diagram showing an outline of the configuration of the substrate 
plating device pertaining to the present ^plication example. Substrate retention mechanism 1 is 
made of a conductive material, and it is used to hold substrate W, such as a semiconductor wafer, 
as the target of plating while treatment surface Ws applied with plating is facing upward 
(so-called face up). Base member 3 is a member having a diameter slightly larger than that of 
substrate W; and multiple support parts 5, which come into contact with the peripheral part of 
substrate W to hold it, are formed at the peripheral part of its upper surface. The upp^ inner side 
of each support part 5 is formed into a shape matching that of the rim part of substrate W. Here, 
substrate retention mechanism 1 corresponds to the substrate retainer means in the present 
invention. 

[0039] 

Base member 3 is provided with linkage part 7 protruding downward from the center part 
of its lower surface, and rotary shaft 1 1 of electric motor 9 is fit at said part connected to electric 
motor 9 in an interlocking fashion. Power is supplied to said linkage part 7 from power feeding 
brush 13 which slides along its outer circumferential surfece. Here, [the device] is configured 
such that the upper and the lower parts of rotary shaft 1 1 are insulated from each other by 
insulation part 1 la, so that the power supplied from feeding brush 13 does not affect electric 
motor 9. 

[0040] 

Plate-like member 1 5 made of a conductive material (for example, copper, platinum, 
titanium, or their alloys when the electrolytic solution is a copper sulfate solution) and that is 
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almost the same size as base material 3 is provided above substrate retention mechanism 1 
parallel to it Multiple push parts 1 7 having the same shape as that of support part 5 of substrate 
retention mechanism 1 are provided at the peripheral part of the lower surface of said plate-like 
member 15. Here, however, push part 17 is configured with insulating upper part 17a and 
conductive lower part 17b, and the lower inner side of lower part 17b is shaped to match that of 
the rim part of substrate W. Here, it is better for distance d between the lower surface of 
plate-like member 15 and treating surface Ws of substrate W supported by support parts 5 to be 
small so that the treatment can be carried out with a reduced amount of electrolytic solution, and 
so that the concentration of the electrolj^ic solution can be maintained more easily; and a specific 
value to this end is approximately 0.5-5 mm, for example. 

[0041] 

Linkage part 19, which protrudes upward from the center part of the upper surface of 
plate-like member 15, is linked to rotary shaft 25 of electric motor 23 in an interlocking fashion 
through insulating part (21). Feeder port 1 5a is created at the center part of the lower surface of 
plate^like member 15 in order to supply the electrolytic solution (for example, a copper sulfate 
plating solution) supplied via vibration transfer part 27, which is attached to rotary shaft 25 
pi^xdng tfarougji above electric motor 23, to substrate W held by substrate retention mechanism 
1 . Vibration transfer part 27 has built-in ultrasonic vibrator 27a, whereby it vibrates ultrasonic 
vibrator 27a using a high-frequency wave supplied from ultrasonic vibration power supply 29 in 
order to transfer the vibrations to the electrolytic solution. In addition, power is supplied to 
plate-like member 15 through said linkage part 19 via power feeding brush 3 1 . Vibration transfer 
part 27 corresponds to the ultrasonic vibration transfer means of the present invention. 

[0042] 

Aforementioned power feeding brushes 13 and 3 1 are both connected to power supply 
imit 33, wherein, the cathode side is connected to power feeding brush 13, and the anode side is 
connected to power feeding brush 3 1 . Therefore, treatment surface Ws of substrate W becomes a 
cathode via power feeding brush 13, linkage part 7, base member 3, support parts 5, and lower 
parts 17b of push parts 17; and plate-like member 1 5 facing treatment surface Ws becomes an 
anode via power feeding brush 31 and linkage part 19. Here, power feeding brushes 13 and 31 
and power supply unit 33 correspond to the power supply means of the present invention. 

[0043] 

Splash guard 35 serving as a recovery member, which intercepts and recovers electrolytic 
solution supplied through feeder port 15a and scattered by centrifugal force, is provided around 
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sxibstrate retention mechanism 1 . Said splash guard 35 is configured to be raised/lowered with 
respect to substrate retention mechanism 1 . 

[0044] 

Electrolytic solution reservoir tank 37 holding the electrolytic solution is linked to 
feeding path 27b (feeder means) of vibration transfer part 27 through circulation path 49 via 
circulation pump 39 for discharge of the electrolytic solution, filter 41 for removing particles in 
the electrolytic solution, concentration sensor 43 (concentration measurement means) for 
detecting the concentmtion of Ifae electrolytic solution, mixing valve 45 for injecting 
replenishment solution to adjust the concentration, and open/close operation valve 47. The 
electrolytic solution is supplied from electrolytic solution reservoir tank 37 to feeding path 27b 
^^iien open/close operation valve 47 is opened, and circulation pump 39 is activated. Then, 
vibrations are transferred to it by vibration transfer part 27 before it is supplied to treatment 
surface Ws. In addition, splash guard 35 and electrolytic solution reservoir tank 37 are linked 
together via open/close operation valve 51 in order to recover scattered electrolytic solution. 
Furthermore, splash guard 35 is linked to a drain via open/close operation valve 53. The solution 
intercepted by splash guard 35 is recovered or discharged by opening or closing said open/close 
operation valves 51 and 53. Here, the opening and closing operations of said open/close 
operation valves 51 and 53 are controlled by controller part 55 to be described later, 

[0045] 

A signal for the concentration detected by concentration sensor 43 is supplied to 
controller part 55. Controller part 55 controls replenishment part 57 to maintain a constant 
concentration for the electrolytic solution distributed in circulation path 49. Replenishment part 
57 is configured with replenishment solution supply source 59, pump 61 for discharge of the 
replenishment solution as controlled by controller part 55 and filter 63 for removing particles in 
the replenishment solution. After the replenishment solution has passed filter 63, it is injected 
into the electrolytic solution distributed in circulation path 49 using mixing valve 45. As 
described above, because the replenishment solution is replenished directiy into circulation path 
49 based on the concentration signal from concentration sensor 43, the concentration of the 
electrolytic solution supplied to substrate W can be maintained almost constant. Furthermore, for 
the method for discharge of the electrolytic solution, a supply method in which pressure is 
applied to the inside of replenishment solution supply source 59 instead of using pump 61 may 
also be adopted. 
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[0046] 

Open/close operation valve 65 is attached to circulation path 49 between feeding path 27b 
and open/close operation valve 47. Cleaning solution supply source 67 for supplying a cleaning 
solution (for example, pure water) is linked to said open/close operation valve 65. That is, [the 
configuration] is such that the electrolytic solution or the cleaning solution can be supplied 
selectively through open/close operations of open/close operation valves 47 and 65. 

[0047] 

Controller part 55 is designed to perform the overall control over electric motors 9 and 23 
that correspond to the driving means; ultrasonic vibration power supply 29; power supply unit 
33; open/close operation valves 47, 51, 53, and 65; circulation pump 39 and pump 61; a hoisting 
mechanism (not illustrated) for splash guard 35; and a moving mechanism (not illustrated) for 
plate-like member 15. 

[0048] 

Next» the operation of the substrate plating device with the aforementioned configuration 
will be explained with reference to Figure 1 and Figure 2. Here, assume that open/close operation 
valves 47, 51, 53, and 65 are closed in the beginning for the sake of explanation. 

[0049] 

First, controller part 55 controls the moving mechanism (not illustrated) for plate-like 
member 15 to move plate-like member 15 to the side of substmte retention mechanism 1 in order 
to allow a substrate conveyance arm (not illustrated) to move in above substrate retention 
mechaiusm 1 (Figure 2(a)). 

[0050] 

Next, controller part 55 controls the not illustrated substrate conveyance arm to movmt 
substrate W on support parts 5 with treatment surface Ws of substrate W facing upward (Figure 
2(b)). 

[0051] 

. After not illustrated the substrate conveyance arm is withdrawn, [the controller part] 
controls the moving mechanism (not illustrated) for plate-like member 15 to move plate-like 
member 15 immediately above substrate retention mechanism 1 and then lowers plate-like 
member 15 in such a manner that push parts 17 of plate-like member 15 push the rim part of 
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substrate W (Figure 2(c)). Then, it raises splash guard 35 to surround substrate retention 
mechanism 1 . 

[0052] 

First, open/close operation valves 53 and 65 are opened up in order to supply the cleaning 
solution (for example, pure water) through feeder port 15a for piecleaning processing. Ultrasonic 
vibrations may be transferred at this time. After the precleaning processing is applied for a fixed 
amount of time, open/close operation valves 53 and 65 are closed. 

[0053] 

Next, open/close operation valves 47 and 51 are opened, and circulation pump 39 is 
activated in order to discharge electrolytic solution LQ into electrolytic solution reservoir tank 37 
[and] into circulation path 49. Furthermore, ultrasonic vibration power supply 29 is turned on to 
transfer ultrasonic vibrations to electrolytic solution LQ to be fed into feedmg path 27b, and 
electrolytic solution LQ transferred with ultrasonic vibrations is supplied to treatment surface Ws 
of substrate W through feeder port 15a. Because substrate W is held with treatment surface Ws 
&cing upward, even "when trenches are present on treatment surface Ws, bubbles depart 
naturally; and because ultrasonic vibrations are transferred, even bubbles that have adhered to a 
structure to make it difficult for them to depart can be removed from treatment surface Ws easily, 
so that the entire treatment surface Ws can be covered by electrolytic solution LQ. Electrolytic 
solution LQ supplied to treatment surface Ws passes between multiple push parts 17 while filling 
up gap d between treatment surface Ws and plate-like member 15 and leaks out to the 
circumference. In addition, leaked out electrolytic solution LQ is intercepted by splash guard 35 
and is recovered into electrolytic solution reservoir tank 37, and it is supplied again through 
circulation path 49, so that the utilization eflGciency can be improved. Here, members serving as 
a resistance may be provided between push members 17 to reduce the speed electrolytic solution 
LQ leaks out in order to increase the density of the solution in gap d. 

[0054] 

As soon as gap d between treatment surface Ws and plate-like member 1 5 is completely 
filled with electrolytic solution LQ, controller part 55 drives electric motors 9 and 23 at the same 
rpm (for example, at a low speed of several tens of rpm) and turns power supply unit 33 on in the 
meantime (Figure 2(d)). As a result, treatment surface Ws becomes the cathode, and plate-like 
member 15 becomes the anode, whereby electrolytic solution LQ filled in gap d is decomposed 
by the electric current, and copper is deposited on treatment surface Ws to plate it when 
electrolytic solution LQ is a copper sulfate plating solution, for example. Also, the gaseous body 
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generated by the electrolysis during this process moves upward naturally, so bubbles are not 
likely to remain in the trenches or on the treatment surface Ws. Therefore, the gaseoias body can 
be effectively removed, and void V shown in Figure 8(B) can be prevented. In addition, because 
electrolytic solution LQ supplied through feeder port 1 5a to gap d flows toward the rim part jfrom 
the center part due to centrifugal force, electrolytic solution LQ can flow from the center part 
toward the rim part Therefore, unevenness of the plated layer due to [uneven] flow of 
electrolytic solution LQ can be prevented. 

[0055] 

In addition, because plate-like member 15, which is almost the same size as treatment 
surface Ws and is provided opposite treatment surface Ws at close proximity, is used as an 
electrode, the distance (gap d) between the electrode and treatment surface Ws can almost be 
equalized over the surface. Therefore, the current density can almost be equalized over the entire 
treatment surface Ws in order to improve the eveimess of the plated layer. 

[0056] 

Furthermore, because the replenishment solution is injected into circulation path 49 from 
replenishment solution supply source 59 to adjust the concentration of electrolytic solution LQ 
based on the concentration signal from concentration sensor 43, the concentration of electrolytic 
solution LQ can be held constant to enable stable processing over a long period of time. In 
addition, because said replenishment is carried out downstream from electrolj^c solution 
reservoir tank 37, in the event of a change in the concentration, restoration can be rapid, so that 
more stable processing can be attained. 

[0057] 

As described above, cleaning processing can begin after the supply of power has been 
maintained for a prescribed amount of time (for example, 5 or 6 minutes) while supplying 
electrolytic solution LQ. More specifically, ultrasonic vibration power supply 29 and power 
supply unit 33 are turned off, circulation pump 39 is stopped, and open/close operation valves 47 
and 51 are closed. Then, open/close operation valves 53 and 65 are opened to supply the cleaning 
solution (for example, pure water) from feeder port 15a in order to carry out cleaning processing. 
Furthermore, ultrasonic vibrations may be transferred at this time. After the cleaning processing 
has been applied for a prescribed mount of time, open/close operation valves 53 and 65 are 
closed, and electric motor 9 is spun at a high speed in order to spin-off the solution and dry 
substrate W. Plating of substrate W is completed through the aforementioned sequence of 
processing. 



PAGE 24/37 * RCVD AT 12/29/2005 5:50:53 PM [Eastern Standard Time] " &VR:U8PTO-EFXRF-6/31 * DNIS:2738300 * 0810:7136234846 * DURATION <mm-5S):1 1-54 



12/29/2005 16:58 FAX 7136234846 PAITERSON&SHERIDAN -» USPTO 121025/037 

20 

[0058] 

Furthermore, the treatment solutions, such as the cleaning solution and the electrol3rtic 
solution, can be recovered separately in the drain according to their type. 

[0059] 

A pplication Example 2 

Figure 3 is a block diagram showing an outline of the configuration of the device of the 
present Application Example 1. Here, the same constituents as those of the device in the 
aforementioned application example are assigned with the same symbols, and their detailed 
explanation will be omitted [here]. 

[0060] 

Columnar support pins 71 are attached to substrate retention mechanism 1 at the 
periphery of the upper surfece of its base member 3. Each support pin 71 is configured such that 
it can rotate airound eccentric pivoting point of axis P provided vertically, and concave part 71a 
for latching the rim part of substrate W is created at its circumferentiai part away firom pivoting 
point P. In addition, support pin 71 is configured such that only the ceiling of said concave part 
71a has electrical continuity with power feeding brush 13 so as to apply the power only to 
treatment surface Ws of substrate W. 

[0061] 

The diameter of plate-like member 15 is slightly smaller than the diameter of substrate W 
for reasons to be described later, and the position of its linkage part 19 is fixed. Vibration transfer 
part 27 is attached to the upper surface of plate-like member 1 5, and ultrasonic vibrator 27a is 
attached via insulator 27b for power supply reasons. In addition, the anode side of power supply 
unit 33 is directly connected to the upper surface of plate-like member 15. 

[0062] 

The electrolytic solution replenishment position of replenishment part 57 for adjusting the 
concentration of the electrolytic solution is located on electrolytic solution reservoir tank 37 
instead of on circulation path 49. 

[0063] 

Next, the operation of the second application example will be explained with reference to 
Figure 1 [sic; 3] and Figure 4. 
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[0064] 

Controller part 55 controls a moving mechanism (not illustrated) for plate-like member 
1 5 so as to move plate-like member 15 to the side of substrate retention mechanism 1 in order to 
allow a substrate conveyance arm (not illustrated) to move in and rotate support pins 71 around 
pivoting points of axes P, so that concave parts 71a fece the sides, to get them ready to receive 
substrate W (Figure 4(a)). 

[0065] 

Next, controller part 55 controls the substrate conveyance arm not illustrated to move in 
while holding substrate W with its treatment surface Ws facing upward and lowers it until the 
run part of substrate W and concave parts 71a are aligned with each other. Then, it rotates 
support pins 71 around pivoting points P to latch substrate W at multiple positions on its rim part 
and then withdraws the substrate conveyance arm (Figure 4(b)). 

[0066] 

It controls the moving mechanism (not illustrated) for plate-like member 15 to move 
plate-like member 15 immediately above substrate retention mechanism 1 and lowers plate-like 
member 15 until its lower surface is brought close to treatment surface Ws. More specifically, it 
lowers plate-like member 15 in such a manner that a fixed distance (gap d) is attained (Figure 
4(c)). Then, it raises splash guard 35 in order to surround substrate retention mechanism 1 . 

[0067] 

First, open/close operation valves 53 and 65 are opened in order to supply a cleaning 
solution (for example, pure water) through feeder port 15a for precleaning processing. Ultrasonic 
vibrations may be transferred at this time. After the precleaning processing is applied for a fixed 
amount of time, open/close operation valves 53 and 65 are closed. 

[0068] 

Next, electrolytic solution LQ is sent out to circulation path 49, and ultrasonic vibration 
power supply 29 is turned on to transfer ultrasonic vibrations to plate-like member 1 5 in order to 
transfer vibrations to electrolytic solution LQ supplied between treatment surface Ws and 
plate-like member 15. Because substrate W is held with treatment surface Ws facing upward, the 
entire treatment surface Ws can be recovered by electrolytic solution LQ fully due to the natural 
departure of bubbles combined with the efifect of the ultrasonic vibrations. Electrolytic solution 
LQ supplied to treatment surface Ws flows out to the surroundings between multiple support pins 
71 . EflQuent electrolytic solution LQ is recovered when it is intercepted by splash guard 25 [sic; 
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35]. Furthermore, a member which serves as a resistance may be provided between support pins 
71 to reduce the speed electrolytic solution LQ leaks out in order to increase the density of the 
solution in gap d. 

[0069] 

As soon as gap d between treatment surface Ws and plate-like member IS is completely 
filled with electrolytic solution LQ, controller part 55 drives electric motor 9 at a low speed and 
turns power supply unit 33 on (Figure 4(d)). As a result, treatment surface Ws becomes the 
cathode, and plate-like member 15 becomes the anode in order to cany out the plating processing 
of treatment surface Ws. Although the effect that because the gaseous body generated by the 
electrolysis during this process moves upward naturally and bubbles are not likely to remain on 
the trenches or on treatment surface Ws is identical to that of the aforementioned application 
example, because only substrate retention mechanism 1 has to be rotated, a simpler configuration 
than that of the device of the first application example can be adopted. In addition, when 
plate-like member 15 is rotated in said manner, even if the current density is uneven between [the 
plate-like member] and treatment surface Ws, its influence can be restrained. In addition, the 
subsequent cleaning processing is identical to that in the aforementioned ^plication example. 

[0070] 

If the diameter of plate-like member 1 5 is greater than the diameter of substrate W, the 
'edge effect,' that is thicker plated layer PL formed at the rim part of treatment surface Ws of 
substrate W, is likely to occur as shown in Figure 5(a). This is because current is more likely to 
flow in the path created by the rim part of treatment surface Ws and the facing surface of 
plate-like member 15 than in the path created by the center part of treatment surface Ws and the 
facing surface of plate-hke member 15 for power supply reasons, and the current density is 
increased on the rim part. Therefore, if the diameter of plate-like member 1 5 is slightly smaller 
than the diameter of substrate W as in the case of the present application example, the current 
density can be balanced between the center part of treatment surface Ws and the rim part to 
restrain a 'ridge effect,' so that plated layer PL can be formed uniformly (Figure 5(b)), In addition, 
the same effect can be achieved if the distance from treatment surface Ws is greater on the rim 
part of plate-like member 15 than on the center part as indicated by the dotted lines in Figure 
5(b). 



[0071] 

Furthermore, although ultrasonic vibrations were transferred during the plating processing 
in the explanations of the aforementioned first application example and second application 
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example, in the case of a treatment surface where adherence of a plating layer is difficulty transfer 
of the ultrasonic vibrations may be maintained until immediately before the power is supplied, 
and the supply of ultrasonic vibrations may be stopped once the electrolysis begins vsath the 
supply of power. In addition, in order to allow efficient departure of gaseous bodies generated 
through the electrolysis, the supply of the power and the transfer of the ultrasonic vibrations may 
be repeated alternately. 

[0072] 

Modification example 

Although the aforementioned first application example was configured such that 
plate-like member IS and substrate retention mechanism 1 were rotated simultaneously, and the 
second application example was configured such that only substrate retention mechanism 1 was 
rotated, the configuration may also be as shown in Figure 6. 

[0073] 

That is, plate-like member 15 having a diameter slightly smaller than the diameter of 
substrate W is attached in such a manner that it can be rotated by electric motor 23 (driving 
means), and electrolytic solution LQ is suppUed to treatment surface Ws only while plate-like 
member 15 is rotated at a low speed without rotation of substrate retention mechanism 1 that is 
also configured lotatable. When said configuration is adopted, the same effect as that of the 
aforementioned application example can be achieved by carrying out plating processing while 
rotating only plate-like upp^ member 15. 

[0074] 

Furthermore, electric motor 9 and electric motor 23 may be spun in opposite directions to 
rotate plate-like member 15 and substrate retention mechanism 1 in opposite directions. 

[0075] 

In addition, although each of the aforementioned devices adopts a configuration for 
rotating at least plate-like member 15 or substrate retention mechanism 1, the plating processing 
may also be applied while they are kept still. 

[0076] 

While each of the aforementioned devices is configured such that the electrolytic solution 
is supplied through feeder port 1 5a created at the center part of plate-like member 1 5, the 
position of feeder port 1 5a may be shifted fix>m the center, or midtiple feeder ports 15a may be 
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created* Furthermore, the feeder means may be provided as a body separated from plate-like 
member 15 and used to supply the electrolytic solution to treatment surface Ws. 

[0077] 

Effect of the invention 

As is clear from the explanations given above, according to the invention described under 
Claim 1, because the substrate is held with the treatment surface facing upward, bubbles can 
depart easily, and a gaseous body generated through the electrolysis also moves upward naturally, 
so that bubbles are not likely to remain either on the trenches or on the treatment surface. 
Therefore, gaseous bodies can be effectively removed to avoid creation of a void. In addition, 
because the plate-like member placed opposite the treatment surface is used as an electrode, and 
the distance from the electrode to the treatment surface is almost equalized over the surface, the 
current density can be almost equalized over the entire treatment surface. Therefore, the 
uniformity of the plated layer can be improved. 

[0078] 

In addition, according to the invention described under Claim 2, because the electrolytic 
solution is supplied through a feeder port created roughly at the center of the plate-like member, 
the electrolytic solution can flow smoothly from the center toward the rim part, so that the 
uniformity of the plated layer can be further improved. 

[0079] 

In addition, according to the invention described under Claim 3, even when a fluctuation 
in the current density occurs over the treatment surface, its influence can be reduced, and the 
electrolytic solution can flow smoothly from the center toward the rim by means of centrifugal 
force, so that the uniformity of the plated layer can be further improved. 

[0080] 

In addition, according to the invention described xmder Claim 4, the adverse effect of 
fluctuation in the current density can be restrained by rotating only the substrate retention 
mechanism, and the electrolytic solution can flow smoothly from the center of the rotation 
toward the rim part, so that the uniformity of the plated layer can be further improved. 
Furthermore, because there is no need to rotate the plate-like member, the configuration can be 
simplified. 



PAGE 29/37 « RCVD AT 12/29/2005 5:50:53 PM [Eastern Standard Time] * SVRiUSPTO-EFXRF-O/dl " DN1S:2738300 " 0810:7136234846 * DURATION (mm-5S):11^ 



12/29/2005 17:00 FAX 7136234846 



PArrERSON&SHERIDAN 



- USPTO 



©030/037 



25 

[0081] 

In addition, according to the invention described under Claim 5, the adverse effect of 
fluctuation in the current density can be restrained by rotating only the plate-like member, and the 
electrolytic solxition can flow smoothly from the center toward the rim part by means of the 
centrifligal force. Furthermore, because there is no need to rotate the substrate retention 
mechanism along with the plate-like member, control over the rotation can be carried out easily. 

[0082] 

In addition, according to the invention described under Claun 6, the eIectrol}rtic solution 
can flow smoothly from the center of the rotation toward the rim part by rotating both the 
substrate retention mechanism and the plate-like member. Therefore, the uniformity of the plated 
layer can be further improved. 

[0083] 

In addition, according to the invention described under Claim 7, the current density can 
be balanced at the treatment surfece of the substrate between the rim part and the center part to 
restrain the edge effect, so that the plating processing can be applied evenly. 

[0084] 

In addition, according to the invention desoibed under Claim 8, bubbles adhered to the 
treatment surfeice of the substrate and a gaseous body generated during the electrolysis can be 
removed easily from the .treatment surface due to ultrasonic vibrations transferred to the 
electrolytic solution. 

[0085] 

In order to transfer said ultrasonic vibrations, an ultrasonic vibration transfer means is 
attached to the feeder means so as to transfer the ultrasonic vibrations to the distributed 
electrolytic solution as is the case with the invention described under Claim 9, or the ultrasonic 
vibrations may be transferred to the plate-line member as is the case with the invention described 
under Claim 10. 

[0086] 

In addition, according to the invention described under Claim 1 1, because the 
configuration is such that a cleaning solution can be supplied from the feeder means to enable 
cleaning processing, essential post-plating treatment can be carried out continuously without 
moving the substrate, so that the plating processing can be carried out efificientiy. 
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[0087] 

In addition, according to the invention described imder Claim 12, because the utilization 
efiSciency of the electrolytic solution can be improved, the cost of the plating processing can be 
reduced. 

[0088] 

In addition, according to the invention described under Claim 13» because die controller 
means replenishes the electrolytic solution to keep the concentration of the electrolytic solution 
constant based on the measurement result of the concentration measurement means, fluctuation 
in the concentration can be restrained to avoid such problems as fluctuation in the processing 
time and plating thickness. Therefore, stable plating processing can be carried out over a long 
period of time, 

[0089] 

The aforementioned replenishment of the electrolytic solution may be carried out with 
respect to the electrolytic solution reservoir tank as is the case with the invention described und^ 
Claim 14, or it may be carried out with respect to the circulation path at a position downstream 
from the electrolytic solution reservoir tank as is the case with the invention described xmder 
Claim 1 5. In particular, in the invention described under Claim 14, in which [the solution] is 
replenished downstream from the electrolytic solution reservoir tank, because a fluctuation in 
concentration can be eliminated quickly, more stable processing can be realized. 

Brief description of the figures 

Figure 1 is a block diagram showing an outline of the configuration of the substrate 
plating device pertaining to a first application example. 

Figure 2 are diagrams for illustrating its operation. 

Figure 3 is a block diagram showing an outiine of the configuration of the substrate 
plating device pertaining to a second application example. 
Figure 4 are diagrams for illustrating its operation. 
Figure 5 are diagrams for illustrating the edge effect 

Figure 6 is a diagram showing an outline of the configuration of a modification example. 
Figure 7 is a block diagram showing an outiine of the configuration of the substrate 
plating device pertaining to a conventional example. 

Figure 8 are diagrams for illustrating a problem created by the conventional device. 
Figure 9 is a diagram for illustrating a problem created by the conventional device. 
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Explanation of reference symbols 

W Substrate 

Ws Treatment surface 

LQ Electrolytic solution 

PL Plated layer 

1 Substrate retention mechanism 

3 Base member 

9, 23 Electric motor 

13,31 Power feeding brush 

1 S Plate-like member 

15a Feeder port 

27 Vibration transfer part 

27a Ultrasonic vibrator 

27b Feeder port 

33 Power supply unit 

35 Splash guard 

37 Electrolytic solution reservoir tank 

43 Concentration sensor 

49 Circulation path 

55 Controller part 
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Figure 1 

Key: a Drain 

29 Ultrasonic vibration power supply 
55 Controller part 

59 Replenishment solution supply source 
67 Cleaning solution supply source 
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Figure 3 
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Drain 

Ultrasonic vibration power supply 
Controller part 

Replenishment solution supply source 
Cleaning solution supply source 




Figure 4 



Key: a 
29 
55 
59 
67 
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Figure 5 




Figure 6 
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Figure? 





Figures 



Figure 9 
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